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B 

A 37.3 kW, 4 pole, 50 Hz induction motor has friction and windage losses of 3.32 
kW. The stator losses equal the rotor 1< s«*s. If the motor is delivering lull load power 
output at a speed of 1440 r.p.m. calculate synchronous speed, slip, mechanical power 
developed by the motor, rotor copper loss, power transferred from stator to rotor, 
stator power input and efficiency. 

The fifth question (17 marks') 

A 

Discuss the methods used for starting single-phase induction motors. 

B 

A three-phase, 14 KV, 10 MVA, 60 Hz, two-pole, 0.85 PF lagging, star-connected, 
synchronous generator has X s = 20 ohm per phase and R 5 = 2 ohm per phase. The 
generator is connected to infinite bus. 

(a) Determine the excitation voltage at the rated condition. Draw the phasor diagram 
for this condition. 

(b) Determine the torque angle at the rated condition. 

(c) If the field current is kept constant determine the maximum power the generator 
can supply. 

(d) For the condition in part (c), determine the generator current and the power 
factor. Draw the phasor diagram for this condition. Neglect Rs for parts (c) and 
(d). 
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Answer ALL the following questions ; 


The first question (17 marks) 

A 

Draw the power flow diagram for d.c generator, 

B 

A 4 pole, lap wound 750 r.p.m. d.c. shunt generator has an armature resistance of 0.4 
ohm and field resistance of 200 ohm. The armature has 720 conductors and the flux 
per pole is 30 mWb, If the load resistance is 15 ohm, determine the terminal voltage. 

1 he second question (17 marks) 

A 

Explain the various methods of speed control of d.c shunt motor. 

B 

j 

. 1 

A 250 V d.c* shunt motor has a shunt field resistance ot 200 ohm and an armature 
resistance oi 0.3 ohm. For a given load, motor runs at 1500 r.p.m. drawing a current 
of 22 A from the supply. If a resistance of 150 ohm is added in series with the field 
winding, find the new armature current and the speed. Assume load torque constant 
and magnetization curve to be linear. 

The third question (17 marks'! 

■ A 

\— 

Explain the short circuit test and open circuit test on transformer. Why these tests are 
to be performed? 

B 

A 5K.VA, 500/250 V, 50 Hz, single-phase transformer gave the following readings. 
Open circuit test : 500 V, 1 A, 50 W (L.V. side open) 

Short circuit test : 25 V, 10 A, 60 W (L.V. side shorted) 

Determine 

a- 1 he efficiency on full load, 0,8 lagging power factor. 

b- Ihe voltage regulation on full load, 0.8 leading power factor. 

c- The efficiency on 60% full load, 0.8 leading power factor. 

d- Draw the equivalent circuit referred to primary and insert all the values in it. 

The fourth question (17 marks) 

A 

Explain the various types of starters used in case of three-phase induction motor, 

— — j 
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b) A long aluminum cylinder 5 ,0 cm in diameter and initially at 200 °C is suddenly exposed to a 
convection environment at 70 °C and h= 525 W/m 2 . °C. Determine the temperature at a reduis of 
1.25 cm and the heat lost by unit length i min after the cylinder is exposed to the invironment. 

(9 Marks) 


Problem number (41 118 Marks’) 


a) What is meant by a semi-infinite solid? (4 Marks) 

b) Define the Biot and Fourier numbers. (4 Marks) 

c) Two rectangles 50 by 50 cm are placed perpendicularly with a common edge. One surface has a 

temperature of 1000 K, and® =0.9, while the other surface is insulated and in radiant balance 
with a large surrounding room at 300 K. Determine the temperature of the insulated surface and 
the heat lost by the surface at 1000 K. 00 Marks) 

Problem number 151 (18 Marks \ 


a) Define angle factor, gray body and reflectivity. (6 Marks) 

b) Explain the Planck distribution for the black body? (5 Marks) 

c) A mercury-in-class thermometer having®. =0.9 hangs in a metal building and indicates a 

temperature of 20 °C. The walls of the building are poorly insulated and have a temperature of 5 
°C. The value of h for the thermometer may be taken as 8.3 W/m 2 , °C. Calculate the true air 
temperature. (7 Marks) 


With my best wishes 


Tania 



University 



Department: Mechanical power Engineering 
Total Marks: 90 Marks 


**"1^ 

% Faculty of 
f Engineering 


Course Title: Heat transfer (1) Course Code: MEP22o6 Year: 2 nd 

Date: June 2 nd 2012 (Second term) Allowed time: 3 hrs No. of Pages: (2) 

Remarks: (answer the following questions; assume any missing data, steam and heat tables and charts are 

allowed) 

P roblem number fit (18 Marks) 

a) Derive the expression for the thermal resistance through a hollow spherical shell inside radius p, 

and outside radius r 0 having a thermal conductivity k, (8 Marks) 

b) The temperature distribution across a wall I m thick at a certain instant of time is given as T(x) = 
a + bx + ex * 1 2 where T is in degrees Celsius and x is in meters, while a - 900 °C, b - -300 °C/m, 
and c = -50 °C/m 2 . A uniform heat generation, q. ~ 1000 W/m 3 , is present in the wall of area 10 
m 2 having the properties p = 1600 kg/m 3 , k = 40 W/m.K, anti cp = 4 kJ/kg.K. 

1- Determine the rate of heat transfer entering the wall (x - 0) and leaving the wall (x = 1 m). 

2- Determine the rate of energy storage in the wall. 

Determine the time rate of temperature change at x = 0, 0.25 and 0.5 m. (10 Marks) 

Problem number (2) (18 Marfa ) 

a) What are the thermal contact resistance, critical radius of insulation, overall finned surface 

efficiency and fin efficiency? (8 Marks) 

b) Consider a large 5 cm thick brass plate (k = 111 W/m.°C) in which heat is generated uniformly at 

a rate or 2 x 105 W/m 3 . One side of the plate is insulted while the other side is exposed to an 
environment at 25 °C with a heat transfer coefficient of 44 W/m 2 .°C. Explain where in the plate, 
the highest and lowest temperatures will occur, and determine their values. (lOMarks) 

Problem number (.1) H8 Mar ks J 

a) Twelve thin brass fins with thermal conductivity of 78 W/m.K. and 0.75 mm thick are placed, 
axially on a 55 cm diameter and 50 cm long cylinder which stand vertically and is surrounded by 
aii at 38 °C. If the fins extended 2.5 cm from the cylinder surface and the heat transfer 
coefficient from the fins and the cylinder to air is 22.7 W/m 2 .k. What is the rate of heat transfer 



where w ~ w(r) is the flow velocity component in z-direction that is 

a function of r only. Find relations for the followings: 

a) velocity distribution , b) maximum velocity, c) average velocity, 

d) wall shear stress, e) skin friction coefficient. 

f) Darcy friction coefficient (20 Marks) 


3 ) 


A turbulent flow of water at 20°C takes place in a pipe of 60 cm 
diameter. The mean axial velocity profile is measured experimentally 
and found to be closely approximated by the equation 

u = 10 + Iny 

In which u is in m/s and y ( the distance from the pipe wall) in m. If 
the eddy viscosity of flow at a point 10 cm from the pipe wall is equal 
to 9x10* times the dynamic viscosity of water, calculate the following 
at the considered point 

a) the shear stress, b) the mixing length, 

c) the turbulence constant, d) the frictional velocity. 

(15 Marks) 


4) When 3.3 m 3 /min of liquid (y = 1.27 and p = 0.012 Pa.s) flow in 150 m 
long and 15 cm diameter pipe, the head lost is 10.4 m. Calculate : 
a) the mean velocity, b) Reynolds number, c) the friction factor, 
d) the maximum velocity, e) the surface roughness, 
f) the laminar sub-layer thickness, g) Is this pipe rough or smooth? 

(15 Marks) 


5) The force (F) on the propeller of an aircraft depends upon the 
forward speed of the aircraft (U), the density of air (p), the viscosity 
, of air (p), diameter of the propeller (D), and the speed of rotation of 
the propeller (N). Express (F) in terms of dimensionless groups 
using the Buckingham it - method. (15 Marks) 


6) A Pelton wheel develops 15000 kW, while discharging 3000 liters of 
water per second at 300 rpm. Find the corresponding power, 
discharge and speed of rotation of a one-ninth scale model, 
assuming efficiencies of the two turbines to be the same. 

(15 Marks) 
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Please, answer the following questions-. (Total Marks 90 ) 

1.1) Identify the foffowina statement as true or Jake with 
correcting the fafse varts: (5 Marks) 

a) The mixing length in a turbulent flow is a local function and depends 
on the velocity distribution in the neighborhood of a particular 

point. 

b) Whether the general nature of the main flow is laminar or turbulent, 
the flow in the immediate neighborhood of a solid surface is always 

turbulent 

c) In case of rough pipes, the friction factor will depend on the viscous 
action rather than the size and pattern of the surface roughness. 

d) The repeating variables in Buckingham « -theorem should be such 
that none of them is dimensionless. 

e) Kinematic similarity is said to exist between the model and the 
prototype, if both of them have identical forces. 


^ '^) Gtoe* a/ '£ cCe*\ ttf exxelv of the; follow 

(5 Marks) 

a) The length of a pipe in which the velocity profile is developing. 

b) The zone through which a gradual transition occurs from laminar 
film to turbulent region in case of a turbulent flow over a smooth 

surface. 

c) The pipes which their friction factor is no longer vary with Reynolds 
number. 

d) A model testing standard equipment for the design of aircrafts. 

e) A type of similarity taking place, when geometric, kinematic and 
dynamic similarities are coexisting between the prototype and its 
scale model. 


2) For the steady laminar flow of viscous incompressible fluid in a 
circular tube, the Navier-Stokes equations combined with the 
continuity equation are reduced to 

d 2 w 1 dw 1 dp 
[i dz 
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